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M3D-Ctand NIMROD solve 3IMHD

Equations in Toroidal Geometmpcluding
Impurity Radiation and Runaway Electrons
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A Also, separate equations for resistive wall and vacuum regions
A Different options for Runaway Electron curreiy,
A Option for energetic ion species (not used here)



M3D-Ctand NIMROD haveery

different numerical implementations

M3D-Ct NIMROD
Poloidal Direction  Tri. Ct ReducedQuintic FE High. Order quadX® FE
Toroidal Direction Hermite CubidC'FE Spectral
Magnetic Field B=%& 3 pb fbF +/ B B BrI?Q:IgE B
Velocity Field ~ V=R:8) /b W JjBR+ OV VYR=yZ &
Coupling to Conductors same matrix Separate matrices w interface

Both codes use:

A Split Implicit Time advance

A Block-Jacobi preconditioner based @uperLU_DIST

A GMRES based iterative solvers

A Impurity ionization and recombination rates from KPRAD
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2. Forces due to Vertical Displacement Events



A Initial emphasiswvasto perform benchmark calculations in both 2D and
3Dfor codeverification and validatio8 A1 OJOREKHBEUEode)

A We are also validatingesults with data from the JET experiment
A Primary application is to ITER

Equilibrium Wall contact Start TQ Final
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LinearVDEbenchmark between

M3D-C, NIMRODS& JOREK

Equilibrium poloidal —————r . ————

magnetic flux in M3BC! linear relation
1000 | JOREK (2D nonlinear) —— -

4 ",“' W e e ) M3D-C' (linear, .&Zax,s_[} 5mm)
‘ ~ M3D-C' (2D nonlinear) —+—
2
o v @©
Resistive | E
wall — | g 10} i
: 3 :
o
Plasma of
region - Coils
10 L " L PR SR S | M " i M PR S T R |
1.0e-06 1.0e-05
Vacuum -2§ Wall resistivity YVm)

region — |
A Realistic equilibrium (NSTX) but simplified geometry

that all codes can handle (rectangular resistive wall)

A Codes agree to within 20% on growth rates over wide

Computational VIt
range of wall resistivity

boundary
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2D NonlinearVDEbenchmark between

M3D-C, NIMRODS& JOREK
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A Good agreement amongst 3 codes on time evolution
plasma position, plasma and wall currents, and forces.
A Benchmark still underway to resolve small differences

A 3D benchmark to begm Soon |. Krebs, C. Sovinec, Atola 10



3D M3DClsimulation of JET VDE shows

origin and magnitude of sideways for@el

n=1 ME (AU)
{ NOA OO @™

Sideways Force MN
o O O = =2 N
o A 0O N O O

— . P . W
1.0 1.5 20 25

o
o
o ]
o

Time (ms)

=S

t=0.0ms t=2.2ms

safety-factor (q)

A Plasma drifts upward and scrapes off

A Sideways force arises when q(a) < 1 and
large (1,1) mode develops oo o o o 0 o
Normalized Poloidal Flux v  H. Strauss 11




M3D-C! simulation of JET VDE shows origin

and magnitude of sideways forcg2 (of 2)

A DF, .,z sideways force as

computed by M3BC!
ADFR,zO. TT1 &1 OAADS
approximation from M3BC! —~
ADRzO. T11 &1 OAAE
JET disruptions in 20116 >
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JET VDE disruptions

A JET uses an approximation to the
AAOOAT &£ OAA AAIT I

A M3D-Clgives value for Noll Force
mostly within 20% of experimental
data using scaled values qf;

A These are now being extended to use

actualt
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High Resolution Poloidalinstructured

mesh used Iin ITER calculation
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Midplane Value

L/Rtime of vessel determinedrom

simulation without plasma
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A Simulation with constant loop
voltage applied at t=0 & no plasma

A Wall resistivity adjusted to give
correct L/R time
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M3D-Clis being interfaced with the
CARRIDI engineering code to

produce realistic forces for ITER

P: t=0 P: t=664ns

A CARRIDI is presently interfaced with the 2D
equilibrium evolution code CARMAONL

A Benchmark between M3T& CARMAONL
was presented at EPS meeting last week

A Now interfacing M3BClVDE simulation with
CARRIDI to extend analysis to 3D plasma

2 [m]

" 4

CARRIDI detailed electro
magnetic model of ITER
structure.

C. Clauser, Killone
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Large poloidal currents shared

between plasma and structure (halo
currents) develop during VDE In ITER

Halo currents ( shown in
yellow) pass between
plasma and structure

L Total Force

Force due to
Toroidal currents

Force due to

,— Halo currents

A Large force due to halo currents is compensated
by reduced force due to toroidal currents !!

A However, these halo currents can produce large
1T AAl EUAA £ OAAO 8 AOA
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